The DNA polymerase of the Prague strain of Rous sarcoma virus of subgroup C and of the SchmidtRuppin strain of subgroup A has been solubilized. DNA polymerase purified by sucrose gradient sedimentation and chromatography on DEAE-ceilulose represented less than 2% of the soluble [14Clprotein of the virus. The enzyme was separated from 90% of the viral glycoprotein; it is probably different from the viral group-specific antigen. The sedimentation coefficient (s2oW,) of the soluble DNA polymerase was 8 S before, and 6 S after, incubation with pancreatic RNase. The molecular weight of the 8S DNA polymerase was estimated to be about 170,000, and that of the 6S DNA polymerase to be about 110,000.
The DNA polymerase associated with avian and murine RNA tumor viruses (1, 2) accepts different kinds of nucleic acids as templates. The enzyme was originally found to be RNA-dependent with endogenous viral RNA as template (1) (2) (3) . Later, it was found that both native and denatured doublestranded DNAs from various sources (4) (5) (6) (7) (8) , as well as synthetic nucleic acids (4, 9) , could serve as templates. It was therefore of interest whether the enzyme exhibits template specificity for natural RNAs, i.e., whether it prefers tumor virus RNA over RNAs from other sources; whether the DNA polymerase activities primed by endogenous viral RNA, by natural DNAs, or by synthetic nucleic acids are common to a single enzyme, to modifications of one enzyme, or to different enzymes was also of interest. It had also not been determined whether the viral DNA polymerase corresponds to any of the known structural proteins of the virus. Such questions may be answered by means of a soluble and purified viral DNA polymerase. This report describes the isolation and some properties of a soluble DNA polymerase from two strains of Rous Sarcoma Virus (RSV).
MATERIALS AND METHODS Solutions
Standard buffer contains 0.1 M NaCl-0.01 M Tris (pH 7.4)-1 mM EDTA; low-salt buffer for DEAE-cellulose chromaAbbreviations: RSV, Rous sarcoma virus; RSV-A and RSV-C, the serological subgroups A and C of RSV, respectively; PR RSV, Prague strain; SR RSV, Schmidt-Ruppin strain; DTT, dithiothreitol; BSA, bovine serum albumin. 
Viruses
Growth, radioactive labeling, and purification of PR RSV-C and SR RSV-A followed published procedures (10) (11) (12) . Medium for amino acid labeling (10) (16) marker (see Fig. 4A ).
After incubation with pancreatic RNase, the s5o,w of the enzyme was reduced to 6 S (see Fig. 4B ). Fig. 2A, C) .
Both the s20o, (11) If the s2o,. of the DNA polymerase was reduced to 6 S by treatment with RNase (Fig. 2C) , the sedimentation distribution of the major viral protein components was not significantly altered; however, the three peak fractions (80%) of the enzymatic activity cosedimented with only 2% of the viral ["4C]proteins (Fig. 2C ). This represents a 40-fold purification of the enzyme. Fig. 3A Fig. 3B ) (11) ; very little '-C coelectrophoresed with the components of the group-specific antigen. In addition, at least one new 14C peak appeared in the gel, labeled X (Fig. 3A) ; it had not been identified previously (10, 11 Fig. 2A) The 60-70S RNA of PR RSV-C was found in different experiments to have, per unit weight (saturation curves were not determined), 10-40% of the template activity of salmon DNA for both the 8S and the 6S DNA polymerase (Fig. 4A,  B ). The rate with the peak fraction of enzyme for native RSV RNA-and salmon DNA-primed enzymatic activities of the 8S DNA polymerase were indistinguishable (Fig. 4A) . Heat-dissociated 60-70S PR RSV RNA (12, 18) had only 2-6% (range of four experiments) of the template activity of native 60-70S RNA (Fig. 4A) . Other natural RNAs like tobacco mosaic virus RNA had 2%, and influenza virus RNA 5%, of the template activity of 60-70S PR RSV RNA for the 8$ DNA polymerase (Fig. 4A) .
Both the RNA-and the DNA-primed polymerase activities of the 8S and the 6S form of the enzyme coincided in the gradients shown in Fig. 4 . Neither the 8S nor the 6S DNA polymerase had detectable endogenous template activities. Further, it was found when different fractions were mixed that the RNA-primed enzymatic activities of all fractions of the 8S DNA polymerase peak tested were 70-100% additive; the same was true when DNA-primed activities were Proc. Nat. Acad. Sci. USA 68 (1971) (0) 0 measured. This suggests that no enhancing or inhibiting factor was present in this region of the gradient.
DISCUSSION
The distinctive RNase-sensitivity of the s2o,.of the viral DNApolymerase permitted a 40-fold purification of the enzyme based on the soluble radioactive protein of the virus. Since the particle weight of RSV is about 5 X 108, and its protein content is 60% (19) , 1.5% at most of the mass of the virion can be DNA polymerase. This calculation assumes that the specific radioactivities of the enzyme and the structural proteins of the virus are the same. It follows that a maximum of 70 6S DNA polymerase molecules (110,000 daltons) may be present per virion. However, this is considered to be an upper estimate, because the 40-fold purified enzyme was contaminated by other structural proteins of the virus. The purified enzyme contained at least one protein component that had not previously been identified (10, 11) as a structural component of the virus. The enzyme also contained 10% of the soluble viral glycoprotein, which may not be an essential part of the polymerase because it consisted mainly of the two components of the 9S glycoprotein complex of the virus; the complex had no enzymatic activity.
Neither the 8S and the 6S DNA polymerase had endogenous template activities. This leaves open the question whether the reduction of the 820o, of the enzyme from 8S to 6S by RNase treatment is due to removal of short pieces of viral, or perhaps of cellular, RNA (20) without template activity. Such short pieces of viral RNA presumably arise by degradation of the 60-70S viral RNA (20) by virus-associated RNase (21), as tumor virus RNA is known to become RNase-sensitive in the presence of nonionic detergents (20) . Short pieces of enzymeassociated RNA might enhance the activity of templates added to the enzyme. This is compatible with the decrease of enzymatic activity observed after RNase treatment.
The coincidence in sucrose gradients of both the RSV RNA-and the DNA-primed DNA polymerase activities, in both the 8S and the 6S form, makes it likely that the two activities reside in the same enzyme. This evidence does not exclude, however, that different sites on the enzyme or different factors might specify the RNA-or DNA-dependent activities. It would appear, then, that this enzyme, which is known to have rather nonspecific template requirements if primed by natural DNAs (4-8) or synthetic nucleic acids (4, 9) , has specific template requirements for natural RNAs, i.e., preferential affinity for 60-70S RSV RNA. The finding that heat dissociation reduces the template activity of 60-70S RSV RNA to that of other natural RNAs suggests that the peculiar secondary or subunit structure of 60-70S RSV RNA (12, 18) 
